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$UDELGRSVLV UHFHSWRUV<HDVW WZR-K\EULGDQGSKRVSKDWDVH LQKLELWLRQDVVD\VFRQILUPHGWKDW11 
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UHFHSWRU VKRZHG - EDVDO DFWLYLW\ ZKHQ DQDO\]HG ZLWK WKH QDWLYH 33& RU ZLWK WKH19 
VWDQGDUGL]HG+$%)LJEDQG6,$SSHQGL[)LJ63K\VFRPLWUHOOD3</VGHPRQVWUDWHG20 
ERWK$%$-LQGXFHGDFWLYLW\DQGEDVDODFWLYLW\3S3</3S3</)LJFDQG6,21 
$SSHQGL[)LJ67KUHHRXWRIWKHIRXUDFWLYH6HODJLQHOODUHFHSWRUVKDGPHDVXUDEOHEDVDO22 
DFWLYLW\ZKLOH6P3</ZDV IXOO\ OLJDQG-GHSHQGHQW )LJGDQG6,$SSHQGL[)LJ6 ,Q23 
$UDELGRSVLV WKH PRQRPHULF UHFHSWRUV LQFOXGHG UHFHSWRUV H[KLELWLQJ D UDQJH RI EDVDO24 
DFWLYLWLHV ZKHUHDV VXEIDPLO\ ,,, GLPHULF UHFHSWRUV KDG QR EDVDO DFWLYLW\ )LJ H DQG 6,25 
$SSHQGL[ )LJ 6 $ GHFOLQH LQ EDVDO $%$ UHFHSWRU DFWLYLW\ PD\ KDYH EURDGHQHG WKH26 
G\QDPLF UDQJH RI WKH VWUHVV UHVSRQVH HQDEOLQJ ILQH-WXQLQJ RI WKH UHVSRQVH 7KH27 
SUHGRPLQDQW UROH RI WKH DQJLRVSHUP-H[FOXVLYH GLPHULF UHFHSWRUV ZLWK WKH ORZHVW EDVDO28 
DFWLYLW\ LQ WKHFROOHFWLYH$%$ UHVSRQVHZRXOG WKHUHIRUHEHDPDQLIHVWDWLRQRI WKHKLJKHVW29 
OHYHORI UHVSRQVHUDQJHZKLOH WKHFRQWUDU\ LV WKHFDVHIRU WKHVLQJOH0DUFKDQWLD UHFHSWRU30 
WKDW VHHPLQJO\ SURYLGHV D QDUURZ $%$ UHVSRQVH UDQJH  EDVDO DFWLYLW\ )LJ 31 
LQVHUWLRQ 32 
:KLOHUHFHSWRUVGLVSOD\LQJKLJKEDVDODFWLYLW\PLJKWREVFXUH$%$-PHGLDWHGILQH-WXQLQJ33 
SURFHVVHV$UDELGRSVLV6WULJD6RODQXP2U\]D DQG7ULWLFXP VWLOOPDLQWDLQERWK UHFHSWRUV34 
WĂŐĞ ? ? 
 
ZLWKDQDUURZHUUHVSRQVHUDQJHDORQJVLGHUHFHSWRUVWKDWDOORZDEURDGHUUDQJHRIUHVSRQVH1 
-$UDELGRSVLV3</VWDQGVRXWDVDQH[DPSOHRIDUHFHSWRUZLWKKLJKEDVDODFWLYLW\2 
DV LWV UHJXODWLRQ E\ $%$ DIIHFWV OHVV WKDQ  RI WKH UHVSRQVH PDJQLWXGH )LJ H3 
+RZHYHU ZH IRXQG WKDW 3</ H[SUHVVLRQ LV XQGHWHFWHG LQ DYDLODEOH WUDQVFULSWRPH4 
GDWDVHWVVXJJHVWLQJWKDWLILWLVH[SUHVVHGGXULQJWKHSODQWOLIHF\FOHLWLVHLWKHUDWDYHU\ORZ5 
OHYHO RU GHYHORSPHQWDOO\ UHVWULFWHG LQ VRPH ZD\ 6LPLODUO\ 7ULWLFXP 7D3</ VKRZHG KLJK6 
EDVDODFWLYLW\ LQSKRVSKDWDVH LQKLELWLRQDVVD\VVLJQLI\LQJWKDW LW LVDQ$%$UHFHSWRUZLWKD7 
QDUURZ UHVSRQVH UDQJH ZKRVH H[SUHVVLRQ LV DOVR YHU\ UHVWULFWHG GXULQJ WKH OLIHF\FOH RI8 
ZKHDW:HWKHUHIRUHLQYHVWLJDWHGWKHSURPRWHUVSHFLILFLW\RI$UDELGRSVLV3</XVLQJ9 
DESXSVWUHDPSURPRWHUVHTXHQFH6,$SSHQGL[)LJ6DGULYLQJD9(186UHSRUWHU10 
FRQVWUXFW:HREVHUYHGKLJKH[SUHVVLRQDQGSURWHLQDFFXPXODWLRQLQOHDYHV6,$SSHQGL[11 
)LJ 6E LPSO\LQJ WKDW WKH SURPRWHU VHTXHQFH GLG QRW GLFWDWH D OLPLWHG WUDQVFULSWLRQ12 
SDWWHUQ IRU3</+RZHYHU WKH¶HQGRI WKH3</JHQHZKLFKFRQWDLQVVHTXHQFHVRI13 
WZR WUDQVSRVDEOHHOHPHQWVFDXVHVDVWURQJ WUDQVFULSWLRQDOGRZQ-UHJXODWLRQ 6,$SSHQGL[14 
)LJ6F-H7KHVXSSUHVVLRQRI3</E\WKH¶UHJLRQOLNHO\HQDEOHVKLJKHU$%$-UHODWHG15 
UHVSRQVLYHQHVV LQ $UDELGRSVLV XQPDVNLQJ WKH DOWHUQDWLYH KLJKO\ WXQHG UHFHSWRUV ZLWK D16 
EURDGHUUHVSRQVHUDQJH 17 
7RILQGRXWLIWKHEDVDODFWLYLW\RI3</ZKHQLWVH[SUHVVLRQLVHQDEOHGLVVXIILFLHQWWR18 
DFWLYDWH$%$VLJQDOLQJZH WRRNDGYDQWDJHRI WKHDIRUHPHQWLRQHGUHFHSWRUDED-PXWDQW19 
H[SUHVVLRQV\VWHP:H WUDQVIRUPHGDED-ZLWK3</XQGHU WKH UHJXODWLRQRI LWVQDWLYH20 
SURPRWHUEXWZLWKRXW LWV¶ UHJLRQVHTXHQFH3</ WUDQVFULSWLRQZDVREVHUYHG LQYDULRXV21 
YHJHWDWLYHWLVVXHVDVZHOODVWKHGHYHORSLQJVHHGEXWQRWGXULQJJHUPLQDWLRQ6,$SSHQGL[22 
)LJ6(FWRSLF3</H[SUHVVLRQVXSSUHVVHGWKHDED-SKHQRW\SHLQERWKVWDWXUHDQG23 
WKHUPDOVLJQDWXUHRIWKHFDQRS\LQDJUHHPHQWZLWKLWVSURPRWHU-HQDEOHGH[SUHVVLRQSDWWHUQ24 
DV LW GLG IRU VHHG PDWXUDWLRQ VL]H DQG ZHLJKW )LJ D-H DQG 6, $SSHQGL[ )LJ 625 
)XUWKHUPRUHGHWDLOHGDQDO\VLVRIZKROH-SODQWJDVH[FKDQJHVKRZHGWKDWSODQWVH[SUHVVLQJ26 
3</ KDG ORZHU VWRPDWDO FRQGXFWDQFH ZKLFK ZDV FORVHU WR ZLOG W\SH OHYHOV )LJ F27 
([SUHVVLRQRI3</0S3</DQG=F3</GULYHQE\WKH3</SURPRWHUUHVXOWHGLQVLPLODU28 
VXSSUHVVLRQ RI WKH DED- SKHQRW\SH 6, $SSHQGL[ )LJ 6 DQG  %\ FRQWUDVW WKH29 
H[SUHVVLRQ RI 3<5 DQ HQWLUHO\ $%$-GHSHQGHQW GLPHULF $UDELGRSVLV UHFHSWRU ZLWK ORZ30 
EDVDODFWLYLW\GLGQ¶WVXSSUHVV WKHDED-SKHQRW\SH6,$SSHQGL[)LJ67KXV LQ WKH31 
DEVHQFHRIH[WHUQDO$%$KLJKEDVDO UHFHSWRUDFWLYLW\FDQGULYHZKDW LVQRUPDOO\ WKH$%$32 
UHVSRQVH ZKLFK ZRXOG RWKHUZLVH KDYH EHHQ UHJXODWHG E\ WKH KLJKO\ WXQHG GLPHULF33 
UHFHSWRUVGRPLQDWLQJWKHDGDSWLYHUHVSRQVHLQWKHSUHVHQFHRIVWUHVV-WULJJHUHG-$%$ 34 
WĂŐĞ ? ? 
 
 &RPELQHGZLWKWKHSK\ORJHQHWLFUHODWLRQVKLSEHWZHHQ3</KRPRORJXHV6,$SSHQGL[1 
)LJ 6 RXU UHVXOWV VXJJHVW WKDW WKH DQFHVWUDO IXQFWLRQ RI 3</V ZDV OLNHO\ DQ $%$-2 
LQGHSHQGHQW33&LQKLELWRU\DFWLYLW\)LJ$ORQJWKHHYROXWLRQDU\WUDMHFWRU\OHDGLQJWRWKH3 
ODVW FRPPRQ DQFHVWRU RI ODQG SODQWV 3</ SURWHLQV ZLWK EDVDO DFWLYLW\ JDLQHG $%$-4 
LQWHUDFWLYLW\ )LJ ,QWHUHVWLQJO\ LQFDVHRI WKHHYROXWLRQRI WKHDX[LQVLJQDOLQJFDVFDGH5 
0DUWLQ-$UHYDOLOOR DQG FROOHDJXHV UHFHQWO\ SURSRVHG D VLPLODU VFHQDULR WKDW HQWDLOV WKH6 
PRGXODUHYROXWLRQRIDSK\WRKRUPRQDOVLJQDOLQJFDVFDGHIURPDSK\WRKRUPRQH-LQGHSHQGHQW7 
RULJLQLQVWUHSWRSK\WHDOJDH'XULQJWKHHYROXWLRQDQGGLYHUVLILFDWLRQRIODQGSODQWVWKH8 
3</ SURWHLQ IDPLO\ KDV H[SDQGHG LQ D OLQHDJH-VSHFLILF PDQQHU JLYLQJ ULVH WR YDULRXV9 
FKDUDFWHU VWDWHV RI EDVDO DV ZHOO DV $%$-GHSHQGHQW DFWLYLW\ 0RVW UHFHQWO\ DQJLRVSHUPV10 
JDLQHGDQRWKHUOD\HURI$%$-GHSHQGHQF\ZLWKWKHGLPHULF3</V)LJ7KLVVXJJHVWVWKDW11 
DGDPSHQLQJRI WKHEDVDODFWLYLW\RI WKH UHFHSWRUVZDVDGULYLQJ IRUFH IRU WKHHYROXWLRQRI12 
$%$UHVSRQVLYHQHVVLQODQGSODQW3</V 13 
 ,Q WKHEURDGHUVHQVH WHUUHVWULDOVWUHVVHVZRXOGKDYHSUHVHQWHGPDMRUFKDOOHQJHVIRU14 
WKHHDUOLHVWODQGSODQWV:KLOHWKHDELOLW\WRVXUYLYHGHVLFFDWLRQZRXOGKDYHEHHQD15 
QHFHVVDU\WUDLWLQWKHDOJDOSUHFXUVRUVRIWKHODQGSODQWVWKLVZRXOGEHOHVVGHVLUDEOHLQWKHLU16 
DQDWRPLFDOO\ PRUH FRPSOH[ GHVFHQGDQWV 9HJHWDWLYH GHVLFFDWLRQ FHDVHV WR EH D17 
FRPSHWLWLYHHYROXWLRQDU\VWUDWHJ\ZKHQVHWDJDLQVWPDLQWDLQLQJJURZWKE\XVLQJDKRUPRQH18 
WR LQLWLDWH D UDQJH RI LQWHUPHGLDWH UHVSRQVHV ,QGHHG GHVLFFDWLRQ WROHUDQFH LPSO\LQJ WKH19 
ORVV RI DOO LQWHUQDO ZDWHU EHFRPHV D WKUHDW WR VXUYLYDO LI WKH FRQWLQXLW\ RI WKH YDVFXODU20 
V\VWHP LV FRPSURPLVHG  ,Q OLJKW RI WKH SUHVHQWHG ILQGLQJV ZH SURSRVH WKDW $%$-21 
PHGLDWHG ILQH-WXQLQJ RI WKH 33&-6Q5. VLJQDOOLQJ FDVFDGH ZDV D NH\ HYROXWLRQDU\22 
QRYHOW\²DQ DGGHG OD\HU RI UHJXODWLRQ²WKDW DLGHG WKHVH SODQWV LQ WKHLU FRQTXHVW RI ODQG23 
)LJ 24 
  25 
WĂŐĞ ? ? 
 
0DWHULDOVDQGPHWKRGV 1 
 2 
3ODQWPDWHULDO 3 
$UDELGRSVLV WKDOLDQD DED- PXWDQW VWUDLQ DQG LWV EDFNJURXQG ZLOG W\SH VWUDLQ &ROXPELD4 
&RO-ZHUHXVHG8QOHVVRWKHUZLVHLQGLFDWHG$UDELGRSVLVWKDOLDQDSODQWVZHUHJURZQ5 
LQDJURZWKFKDPEHU3HUFLYDO6FLHQWLILF86$XQGHUVKRUW-GD\FRQGLWLRQVKOLJKWDQGK6 
GDUNDQGDFRQWUROOHGWHPSHUDWXUHRI±&ZLWKKXPLGLW\DQGOLJKWLQWHQVLW\RI±7 
ȝ(PíVHFí 8 
 9 
'1$VHTXHQFH 10 
&RGLQJ VHTXHQFHV RI =F3</ 0S3</ 3S3</- 6P3</- ǻ1 =F$%, ODFNLQJ 1-11 
WHUPLQDO DPLQR DFLGV - ǻ1 0S$%, ODFNLQJ UHVLGXHV - DQG 6P$%, ZHUH12 
FKHPLFDOO\ V\QWKHVL]HG 6, $SSHQGL[ 7DEOH  7KH 3</ SURPRWHU  ES XSVWUHDP13 
IURPWKH3</VWDUWFRGRQDQGWKHJHQRPLFVHTXHQFHVRI3</3</DQG3<5ZHUH14 
DPSOLILHG IURP &RO- JHQRPLF '1$ 7KH FRGLQJ VHTXHQFH RI 3</ ZDV DPSOLILHG IURP15 
F'1$ LVRODWHG IURP &RO- VHHGOLQJV $OO VHTXHQFHV ZHUH DPSOLILHG XVLQJ 3KXVLRQ +LJK-16 
)LGHOLW\'1$3RO\PHUDVH 1HZ(QJODQG%LRODEVZLWK WKHH[FHSWLRQRI WKH3</¶HQG17 
 ES IROORZLQJ WKH VWRS FRGRQ ZKLFK ZDV DPSOLILHG XVLQJ .$3$ +L)L +RW6WDUW '1$18 
3RO\PHUDVH5RFKH 19 
 20 
3K\ORJHQHWLFDQDO\VHVRI3</VHTXHQFHV 21 
7R JHQHUDWH WKH GDWDVHW RI 3</ VHTXHQFHV VWUHSWRSK\WH DOJDO WUDQVFULSWRPHV ZHUH22 
GRZQORDGHG IURP WKH .3 GDWD  DQG D W%/$67Q VHDUFK ZDV SHUIRUPHG XVLQJ DOO23 
$UDELGRSVLV WKDOLDQD 3</V DV ZHOO DV WKH =\JQHPD FLUFXPFDULQDWXP =F3</ DV TXHULHV24 
)RU WKH ODQG SODQWV ZKROH-JHQRPH GDWD RI 3K\VFRPLWUHOOD SDWHQV  0DUFKDQWLD25 
SRO\PRUSKD 6HODJLQHOOD PRHOOHQGRUIILL $]ROOD ILOLFXORLGHV 3LFHDDELHV 26 
7ULWLFXP DHVWLYXP ,QWHUQDWLRQDO :KHDW *HQRPH 6HTXHQFLQJ &RQVRUWLXP  2U\]D27 
VDWLYD  DQG 6RODQXP O\FRSHUVLFXP 7RPDWR *HQRPH &RQVRUWLXP  ZHUH28 
GRZQORDGHG 7KH  3<53</5&$5 VHTXHQFHV IURP WKH $UDELGRSVLV WKDOLDQD 7$,529 
UHOHDVHZHUHXVHGDVTXHULHV IRUD%/$67SVHDUFKRI ODQGSODQWSURWHRPHVWRREWDLQ WKH30 
3</ VHTXHQFHV )RU 2U\]D VDWLYD DQG 6RODQXP O\FRSHUVLFXP WKH SUHYLRXVO\ GHVFULEHG31 
3</VHTXHQFHDQQRWDWLRQZDVXVHG,QFRPSOHWHDQGVWURQJO\WUXQFDWHGVHTXHQFHV32 
ZHUH UHPRYHGDQGVHTXHQFHVZHUHDOLJQHGXVLQJ0$))7YE DQG WKH/ -,16 -,33 
VHWWLQJV7KHWUHHZDVFRPSXWHGXVLQJ,4-75((PXOWLFRUHYHUVLRQ/LQX[-ELWEXLOW34 
WĂŐĞ ? ? 
 
-XQZLWKERRWVWUDSUHSOLFDWHV7KLVUXQ LQFOXGHGDGHWHUPLQDWLRQRI WKH1 
EHVWPRGHOXVLQJ0RGHO)LQGHU 0RGHO)LQGHUFRPSXWHG ORJ-OLNHOLKRRGV IRUSURWHLQ2 
VXEVWLWXWLRQPRGHOVDQGUHWULHYHGWKHORZHVW$NDLNH,QIRUPDWLRQ&ULWHULRQ&RUUHFWHG$NDLNH3 
,QIRUPDWLRQ &ULWHULRQ DQG %D\HVLDQ ,QIRUPDWLRQ &ULWHULRQ IRU -77* ZKLFK ZDV KHQFH4 
VROLFLWHGDVWKHEHVWPRGHODQGXVHGIRUFRPSXWLQJWKHWUHH 5 
 6 
<HDVWWZR-K\EULG 7 
7KHFRGLQJUHJLRQVRIUHFHSWRUVZHUHFORQHGLQWRS%'-*$/&ORQWHFK IXVHGWRWKH*$/8 
ELQGLQJGRPDLQ%'33&VZHUHFORQHGLQWRS$&7&ORQWHFKZKLFKH[SUHVVHVDV*$/9 
DFWLYDWLRQGRPDLQ$'SURWHLQIXVLRQ%RWKS%'-*$/DQGS$&7ZHUHFR-WUDQVIRUPHGLQWR10 
6DFFKDURP\FHV FHUHYLVLDH VWUDLQ < DQG SRVLWLYH FRORQLHV ZHUH VHOHFWHG RQ V\QWKHWLF11 
GH[WURVH6'DJDUPHGLXPODFNLQJ/HXDQG7US-/:VWUDLQVH[SUHVVLQJUHFHSWRU33&-12 
FRPELQDWLRQ ZHUH SODWHG RQWR 6'-/: FRQWDLQLQJ  ȝ0 $%$ RU   '062 DV PRFN13 
FRQWURO )ROORZLQJ LQFXEDWLRQ DW & IRU WZR GD\V LQWHUDFWLRQ ZDV YLVXDOL]HG E\ ;-JDO14 
VWDLQLQJWRPRQLWRUE-JDODFWRVLGDVHUHSRUWHUJHQHH[SUHVVLRQDVGHVFULEHGSUHYLRXVO\ 15 
 16 
5HFHSWRU-PHGLDWHG33&LQKLELWLRQDVVD\ 17 
The coding sequences of0S3</3S3</-6P3</-3</&$ǻ1=F$%,DQGǻ118 
0S$%,ZHUHFORQHGLQWRWKHS(7YHFWRUDQG=F3</ZDVFORQHGLQWRDS6802IXVLRQ19 
YHFWRU JHQHUDWLQJ î+LV-WDJJHG SURWHLQV 3<5 3</- H[FHSW IRU 3</ ZHUH20 
GHVFULEHG SUHYLRXVO\ ǻ1+$% ODFNLQJ1-WHUPLQDO DPLQRDFLGV-ZDVXVHG WR21 
REWDLQ î+LV-IXVHG 33&  3URWHLQV ZHUH H[SUHVVHG LQ %/'(S/\V6 3URPHJD22 
(FROLVWUDLQ)RU3</VWUDQVIRUPHGFHOOVZHUHSUH-FXOWXUHGRYHUQLJKWWKHQWUDQVIHUUHGLQWR23 
P/RIWHUULILFEURWK7%PHGLXPDQGFXOWXUHGDW&WR2' ,37*P0ZDV24 
DGGHGDQGFXOWXUHVZHUHIXUWKHULQFXEDWHGDW&RYHUQLJKW)RU33&P00J&ODQG25 
P0,37*ZHUHDGGHGDW2' DQGVDPSOHVZHUH IXUWKHU LQFXEDWHGRYHUQLJKWDW26 
&&HOOVZHUHFROOHFWHGE\FHQWULIXJDWLRQVXVSHQGHGLQEXIIHU$P01D+3227 
P01D&OS+SOXVP0LPLGD]ROHDQGVWRUHGDW -&&HOOVZHUHEURNHQE\ WZR28 
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$PLQRDFLG 5 
VHTXHQFHVDUHFRORUFRGHGDFFRUGLQJWRVLPLODULWLHVRIVLGHFKDLQFKDUDFWHULVWLFV 6 
  7 
WĂŐĞ ? ? 
 
 1 
 2 
6, $SSHQGL[ )LJ 6 8QURRWHG SK\ORJHQ\ RI 3</ SURWHLQV DFURVV UHSUHVHQWDWLYH 3 
VWUHSWRSK\WHV 4 
0D[LPXPOLNHOLKRRGSK\ORJHQ\RI3</SURWHLQVHTXHQFHVIURPUHSUHVHQWDWLYHODQGSODQW 5 
JHQRPH DQG VWUHSWRSK\WH DOJDO WUDQVFULSWRPH GDWD 7KH WUHH ZDV FRPSXWHG EDVHG RQ D 6 
0$))7 / ,16 , DOLJQPHQW  VHTXHQFHV ZLWK  FROXPQV DQG  SDWWHUQV  7 
LQIRUPDWLYHVLWHVFRQVWDQWVLWHVXVLQJWKH-77*PRGHOZKLFKZDVFKRVHQDFFRUGLQJ 8 
WR0RGHO)LQGHUDQGERRWVWUDSUHSOLFDWHVYDOXHV>@DUHVKRZQ$OOPHDQLQJIXO 9 
DQG ZHOOVXSSRUWHG FODGHV DUH ODEHOHG QRWH WKH FODGH RI =\JQHPDWRSK\FHDQ DQG 10 
WUDFKHRSK\WH3</V6XEIDPLOLHV , ,,DQG,,,ZHUHGHQRWHGEDVHGRQSUHYLRXVVWXGLHV  11 
)XUWKHU QRWH WKDW WKH PXOWLSOH 3</ DFFHVVLRQV RI 0HVRWDHQLXP HQGOLFKHULDQXP SUREDEO\ 12 
UHSUHVHQWLVRIRUPV 13 
  14 
WĂŐĞ ? ? 
 
 1 
6,$SSHQGL[)LJ6$%$UHFHSWRUVIURPGLIIHUHQWSODQWOLQHDJHVLQWHUDFWZLWKJURXS$33&VLQ\HDVW 2 
3</OLNH SURWHLQV IURP =\JQHPD FLUFXPFDULQDWXP =F 0DUFKDQWLD SRO\PRUSKD 0S 3K\VFRPLWUHOOD SDWHQV 3S 6HODJLQHOOD 3 
PRHOOHQGRUIILL6PDQG$UDELGRSVLVWKDOLDQDZHUHFRQVWUXFWHGDVELQGLQJGRPDLQIXVLRQVDQGWHVWHGLQD\HDVWWZRK\EULGDVVD\IRU 4 
LQWHUDFWLRQZLWKDFWLYDWLRQGRPDLQIXVHG$WKDOLDQD+$%$%,$%,*'HQFRGHGE\WKHDELDOOHOHDQGHQGRJHQRXVJURXS$ 5 
33&LQWKHSUHVHQFHRI0RFN'062WRSDQGȝ0$%$ERWWRP 6 
  7 
WĂŐĞ ? ? 
 
 1 
6,$SSHQGL[)LJ6/DQGSODQW33&DFWLYLW\LVLQKLELWHGE\3<5/UHFHSWRUVLQDQ 2 
$%$GRVHGHSHQGHQWPDQQHU 3 
D 5HFRPELQDQW î+LV=F$%, DFWLYLW\ ZDV PHDVXUHG LQ WKH SUHVHQFH RI î+LV6802 4 
=F3</DQG$%$Eî+LV0S$%,DFWLYLW\ZDVPHDVXUHGLQWKHSUHVHQFHRIî+LV0S3</ 5 
DQG$%$Fî+LV3S$%,$DFWLYLW\ZDVPHDVXUHGLQWKHSUHVHQFHRIî+LV3S3</DQG 6 
3S3</GDQGHî+LV+$%DFWLYLW\ZDVPHDVXUHGLQWKHSUHVHQFHRIî+LV6P3</ 7 
G3</3</3</HDQG$%$7KHUHDFWLRQFRQWDLQHGȝ0î+LV33&DQG 8 
ȝ0UHFRPELQDQWUHFHSWRUZLWKLQFUHDVLQJFRQFHQWUDWLRQVRI$%$ 9 
ȝ0IRU=F3</XSWRȝ03KRVSKDWDVHDFWLYLW\ZDVFDOFXODWHGZLWKWKUHHWHFKQLFDO 10 
UHSOLFDWHV DQG HUURU EDUV LQGLFDWH 6' 1XPHULF YDOXHV UHSUHVHQW WKH$%$ FRQFHQWUDWLRQ 11 
UHTXLUHGWRDFWLYDWH$%$UHFHSWRUVWRD33&LQKLELWLRQOHYHORI7KHQXPEHURIUHFHSWRUV 12 
HQFRGHGE\FRUUHVSRQGLQJVSHFLHVLVVKRZQLQJUHHQFLUFOHV 13 
  14 
WĂŐĞ ? ? 
 
 1 
6, $SSHQGL[ )LJ 6 9HULILFDWLRQ RI 6GULYHQ =F3</ DQG 0S3</ SURWHLQ 2 
H[SUHVVLRQE\ZHVWHUQEORW 3 
7RWDOSURWHLQH[WUDFWVIURPIRXUZHHNROGOHDYHVZHUHVHSDUDWHGRQ=F3</RU 4 
0S3</ 6'63$*( 3URWHLQV ZHUH GHWHFWHG E\ +53FRQMXJDWHG VWUHSWDYLGLQ DQG 5 
UHFRPELQDQW3</SURWHLQVZHUHLQGLFDWHGE\EODFNDUURZ3KHQRW\SHVRIWKHFRUUHVSRQGLQJ 6 
SODQWVDUHVKRZQEHORZLQGLFDWLQJWKDW=F3</SURWHLQOHYHOFRUUHODWHGZLWKSODQWSKHQRW\SH 7 
  8 
WĂŐĞ ? ? 
 
 1 
6,$SSHQGL[)LJ6&RQWUROLVRWKHUPDOWLWUDWLRQFDORULPHWU\DVVD\IRUILJXUH 2 
,QMHFWLRQVRI7,&EXIIHU LQWRȝ0=F3</ULJKWȝ00S3</PLGGOHDQGȝ0 3 
3</OHIWUHVSHFWLYHO\ 4 
5 
WĂŐĞ ? ? 
 
6,$SSHQGL[)LJ60XWDWLRQRIWKHUHVLGXHVWKDWGLIIHUEHWZHHQODQGSODQWVDQG 1 
DOJDHFRXOGQRWHQKDQFH$%$LQGXFHG=F3</33&LQWHUDFWLRQ 2 
D$OLJQPHQWRIUHVLGXHVLQYROYHGLQ$%$DQG33&ELQGLQJRIRUWKRORJRXV$%$UHFHSWRUV 3 
%R[HVLQGLFDWHGWKHOLJDQGELQGLQJUHVLGXHVWKDWGLIIHUEHWZHHQODQGSODQWVDQGDOJDHE 4 
6WUXFWXUDOFRPSDULVRQRI=F3</DQG$%$ERXQG3</3URWHLQ'DWD%DQN,'.E 5 
LQGLFDWHGGLIIHUNH\DPLQRDFLGVLQGLFDWHGE\UHGER[LQDLQOLJDQGELQGLQJSRFNHW=F3</ 6 
SURWHLQVWUXFWXUHZDVFRPSXWHGE\,7$66(5F,QWHUDFWLRQVRIPXWDQW=F3</ZLWK 7 
=F$%,RU+$%ZHUHWHVWHGYLD\HDVWWZRK\EULGDVVD\LQWKHSUHVHQFHRI0RFN 8 
'062DQGȝ0$%$ 9 
  10 
WĂŐĞ ? ? 
 
 1 
6,$SSHQGL[)LJ6([SUHVVLRQOHYHOVRIFRUH$%$VLJQDOLQJFRPSRQHQWVLQ 2 
GHVLFFDWLRQVWUHVVHG=\JQHPDFLUFXPFDULQDWXP6$* 3 
'LIIHUHQWLDO51$VHTGDWDIURP5LSSLQHWDORQPRQWKDQGPRQWKROGGHVLFFDWLRQ 4 
VWUHVVHG=\JQHPDFLUFXPFDULQDWXP6$*ZDVREWDLQHGD%/$67[W%/$67QVHDUFK 5 
ZDVSHUIRUPHGWRLGHQWLI\KRPRORJ\WRSURWHLQVHQFRGHGE\WKHZHOODQQRWDWHGJHQRPHRI 6 
$UDELGRSVLVWKDOLDQD$UDSRUWSURWHLQUHOHDVH*HQHH[SUHVVLRQOHYHOVLQ 7 
)UDJPHQWV3HU.LOREDVHRIWUDQVFULSWSHU0LOOLRQPDSSHGUHDGV)3.0RIWUDQVFULSWV 8 
KRPRORJRXVWR$WKDOLDQD$%$FRUHVLJQDOLQJFRPSRQHQWVZHUHSORWWHG2QWKHOHIWDEDU 9 
JUDSKRIWKHH[SUHVVLRQSURILOHRIWKH3</KRPRORJRI=\JQHPDFLUFXPFDULQDWXP6$* 10 
75_FBJLVVKRZQ75_FBJLVLGHQWLFDORQWKHDPLQRDFLG 11 
VHTXHQFHOHYHOWR=F3</ZKLFKLVHQFRGHGLQWKHWUDQVFULSWRPHRI=FLUFXPFDULQDWXP 12 
VWUDLQ6$*DXVHGE\GH9ULHVHWDO2QWKHULJKWDEDUJUDSKRIWKHH[SUHVVLRQ 13 
SURILOHRID33&³=F$%,´KRPRORJRI=\JQHPDFLUFXPFDULQDWXP6$* 14 
75_FBJLVVKRZQ75_FBJLVLGHQWLFDORQWKHDPLQRDFLGVHTXHQFH 15 
OHYHOWR=F$%,ZKLFKLVHQFRGHGLQWKHWUDQVFULSWRPHRI=FLUFXPFDULQDWXPVWUDLQ 16 
6$*DXVHGE\GH9ULHVHWDO 17 
  18 
WĂŐĞ ? ? 
 
 1 
 2 
6,$SSHQGL[)LJ6+$%DFWLYLW\LQKLELWLRQE\UHFHSWRUZLWKRUZLWKRXW$%$ 3 
5HFRPELQDQWUHFHSWRUVZHUHDVVD\HGZLWK+$%DWWKHPLQLPDOFRQFHQWUDWLRQWKDWDFKLHYHG 4 
PD[LPDO+$%LQKLELWLRQZKHQVDWXUDWHGZLWKȝ0$%$7KH+$%DFWLYLWLHVLQWKHVDPH 5 
UHFHSWRU+$%UDWLRZLWKRXW$%$UHIOHFWUHFHSWRUEDVDODFWLYLW\33&DFWLYLW\LVH[SUHVVHGDV 6 
SHUFHQWDJHRI33&DFWLYLW\LQWKHDEVHQFHRIUHFHSWRU*UDSKVSORWDYHUDJHYDOXHVDUHIURP 7 
WKUHHWHFKQLFDOUHSOLFDWHVDQGHUURUEDUVLQGLFDWH6' 8 
  9 
WĂŐĞ ? ? ? 
 
 1 
6,$SSHQGL[)LJ63</LVWUDQVFULSWLRQDOO\VXSSUHVVHGE\LWV¶VHTXHQFH 2 
D,OOXVWUDWLRQRI3</JHQHESXSVWUHDPRIWKHVWDUWFRGRQZDVXVHGDVWKH3</ 3 
SURPRWHUESGRZQVWUHDPRI WKHVWRSFRGRQZDVXVHGDV WKH3</ WHUPLQDWRU5HG 4 
ER[HVLQGLFDWHFRGLQJVHTXHQFHVEOXHER[HVLQGLFDWHSUHGLFWHGWUDQVSRVDEOHHOHPHQWVE 5 
7KH3</SURPRWHULVDFWLYHLQOHDYHV(SLIOXRUHVFHQFHDQGEULJKWILHOGLPDJHVRIVHHGOLQJV 6 
RIWKHDEDEDFNJURXQGDQG3UR3</9(186126WUDQVJHQLFOLQHV*)3IOXRUHVFHQFH 7 
DUHREVHUYHGLQWUXHOHDYHVRI3UR3</9(186126SODQWVF7HUPLQDWLRQE\WKH¶HQGRI 8 
WĂŐĞ ? ? ? 
 
3</ UHVXOWV LQ ORZ H[SUHVVLRQ 7KH $UDELGRSVLV DED PXWDQW ZDV WUDQVIRUPHG ZLWK 1 
9(186GULYHQE\WKH3</SURPRWHUDQGWKH126RU3</ WHUPLQDWRUV$SSUR[LPDWHO\ 2 
LQGHSHQGHQW7WUDQVJHQLFSODQWVIURPWZRLQGHSHQGHQWVHHGEDWFKHVIRUHDFKFRQVWUXFW 3 
ZHUHVHOHFWHGEDVHGRQJOXIRVLQDWHUHVLVWDQFH*)3IOXRUHVFHQFHZDVWHVWHGWZRZHHNVDIWHU 4 
JHUPLQDWLRQ 6LJQDO VWUHQJWK ZDV FODVVLILHG LQWR IRXU FDWHJRULHV VHH F WRS SDQHO 7KH 5 
QXPHUDWRURIHDFKYDOXHLVWKHQXPEHURISODQWVWKDWVKRZHGFRUUHVSRQGLQJ*)3H[SUHVVLRQ 6 
DQGWKHGHQRPLQDWRULVWKHWRWDOQXPEHURISODQWVWHVWHGGDQGH([SUHVVLRQRI3</LV 7 
VXSSUHVVHGE\3</ WHUPLQDWLRQDQGSUHYHQWV3</SURWHLQDFFXPXODWLRQ+3%WDJJHG 8 
JHQRPLFVHTXHQFHVRI3</ZHUHH[SUHVVHG LQDEDEDFNJURXQGXQGHU WKHFRQWURORI 9 
HQGRJHQRXVSURPRWHUDQG126RU3</WHUPLQDWRUV,QGHSHQGHQW7WUDQVJHQLFSODQWVIRU 10 
HDFK FRQVWUXFW ZHUH VHOHFWHG DV GHVFULEHG DERYH 7UDQVFULSW DEXQGDQFH RI 3</ ZDV 11 
PHDVXUHGE\T573&5GDQG3</SURWHLQZDVGHWHFWHGE\ZHVWHUQEORWH(DFKVDPSOH 12 
UHSUHVHQWVDPL[WXUHRILQGHSHQGHQWWZRZHHNROG7VHHGOLQJV)RUT573&53(;ZDV 13 
XVHGDVDQLQWHUQDOUHIHUHQFH$VWHULVNLQGLFDWHVVLJQLILFDQWGLIIHUHQFH6WXGHQW¶VWWHVWS 14 
)RUZHVWHUQEORWSURWHLQZDVGHWHFWHGE\+53FRQMXJDWHGVWUHSWDYLGLQ%ODFNDUURZ 15 
LQGLFDWHVH[SHFWHGUHFRPELQDQW3</SURWHLQ 16 
  17 
WĂŐĞ ? ? ? 
 
 1 
6,$SSHQGL[)LJ6([SUHVVLRQRI3</DQGLQGLIIHUHQWWLVVXH 2 
3URWHLQDFFXPXODWLRQRI3</SURPRWHUGULYHQ+3%WDJJHG3</LQDEDEDFNJURXQG 3 
DED3</ZDVYHULILHGE\ZHVWHUQEORW7RWDOSURWHLQH[WUDFWVIURPGD\ROGVHHGOLQJ 4 
VKRRWURRWVVHHGVRUGD\VDIWHUIORZHULQJ')$PDWXUHVHHGDQGGD\LPELEHGVHHG 5 
RIHDFKJHQRW\SHZHUHVHSDUDWHGRQ6'63$*(DQGWKHQWUDQVIHUUHGWRDQLWURFHOOXORVH 6 
PHPEUDQH 3URWHLQ ZDV GHWHFWHG E\ +53FRQMXJDWHG VWUHSWDYLGLQ ([SHFWHG UHWHQWLRQ RI 7 
UHFRPELQDQWSURWHLQLVODEHOHGZLWKDQDVWHULVN 8 
  9 
WĂŐĞ ? ? ? 
 
 1 
6,$SSHQGL[)LJ63</VXSSUHVVHV$%$GHILFLHQF\SKHQRW\SHLQVHHG 2 
0DWXUHVHHGVIURPHDFKJHQRW\SHZHUHFROOHFWHGDQGVHHGOHQJWKDQGKXQGUHGVHHGZHLJKW 3 
ZHUHPHDVXUHG/HIW5HSUHVHQWDWLYHLPDJHVRIPDWXUHVHHGV0LGGOH6HHGOHQJWKRIHDFK 4 
JHQRW\SHQ 5LJKW+XQGUHGVHHGZHLJKWRIHDFKJHQRW\SHQ 'DWDZLWKVLJQLILFDQW 5 
GLIIHUHQFH7XNH\+6'WHVWGI SDUHLQGLFDWHGE\GLIIHUHQWOHWWHUV 6 
  7 
WĂŐĞ ? ? ? 
 
 1 
6,$SSHQGL[)LJ65HFHSWRUZLWKEDVDODFWLYLW\GULYHV$%$UHVSRQVHVLQSODQWDLQ 2 
WKHDEVHQFHRI$%$ 3 
([SUHVVLRQRIUHFHSWRUVZLWKKLJKEDVDODFWLYLW\=F3</0S3</3</DQG3</DQG 4 
WĂŐĞ ? ? ? 
 
ORZ EDVDO UHFHSWRU JHQH 3<5 LQ WKH DED EDFNJURXQG ,QGHSHQGHQW7 SODQWV ZHUH 1 
VHOHFWHGEDVHGRQJOXIRVLQDWHUHVLVWDQFHDQGWUDQVSODQWHGWRVRLODORQJVLGHZLWK&RODQG 2 
DED ILUVW DQG VHFRQG SRW RI HDFK WUD\ UHVSHFWLYHO\ 6XSSUHVVLRQ RI $%$GHILFLHQW 3 
SKHQRW\SHZDVVFRUHGYLVXDOO\EDVHGRQSKHQRW\SHDQGWKHUPRJUDSK\DDQGTXDQWLILHGE 4 
DQGF3KRWRJUDSKVDQGPHDVXUHPHQWZHUHSHUIRUPHGDIWHUZHHNVRIJURZWKXQGHUVKRUW 5 
GD\FRQGLWLRQV GD\QLJKW'LIIHUHQW OHWWHUV LQGLFDWHVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHV 6 
7XNH\+6'WHVWGI Q S 7 
  8 
WĂŐĞ ? ? ? 
 
 1 
6,$SSHQGL[)LJ69HULILFDWLRQRI3</SURPRWRUGULYHQ3</SURWHLQH[SUHVVLRQ 2 
E\ZHVWHUQEORW 3 
([SUHVVLRQ RI 3</GULYHQ +3%WDJJHG 3</ SURWHLQ ZDV YHULILHG E\ ZHVWHUQ EORW7RWDO 4 
SURWHLQ H[WUDFWV IURP VL[ZHHNROG OHDYHV ZHUH VHSDUDWHG RQ GLIIHUHQW FRQFHQWUDWLRQV RI 5 
6'63$*( LQGLFDWHG EHORZ 3URWHLQV ZHUH GHWHFWHG E\ +53FRQMXJDWHG VWUHSWDYLGLQ 6 
([SHFWHGPLJUDWLRQRIUHFRPELQDQWSURWHLQVLVLQGLFDWHGE\EODFNDUURZV 7 
  8 
WĂŐĞ ? ? ? 
 
SI Appendix, Table 1 List of primers used in the work. 1 
EĂŵĞ ^ĞƋƵĞŶĐĞ 
Ɖd ?Wz> ? ? ?& d''d''''''dd'''d''' 
Ɖd ?Wz> ? ? ?Z ''d'''''dd'ddddddddd'ddd' 
Ɖ^hDK ?ĐWz> ? ?& '''dd''''d''d''d'd'''dddddd 
Ɖ^hDK ?ĐWz> ? ?Z 'd''d''d''d''d''d'dd''''ddd'dddd' 
Ɖd ?WƉ/ ? ?& dddddddd''''d''d'd''d'dddd' 
Ɖd ?WƉ/ ? ?Z 'd''''d'dd'ddddd'''ddd' 
Ɖd ?Đ/ ? ?& d''d''''''''d''d'd''' 
Ɖd ?Đ/ ? ?Z dd'ddd'dddddd'ddddd'dd 
Ɖd ?DƉ/ ? ?& d''d''''''''d'dd'''' 
Ɖd ?DƉ/ ? ?Z dd'ddd'ddd'''d'd 
Ɖd ?WƉ/ ? ?& d''d''''''''d''d'd''d'dddd' 
Ɖd ?WƉ/ ? ?Z dd'ddd'ddddddd'''ddd'd 
Ɖd ?^ŵ/ ? ?& d''d''''''''d'''dd''d' 
Ɖd ?^ŵ/ ? ?Z dd'ddd'dddd''''dd'd 
Ɖ ?ĐWz> ? ?& 'ddd''d'd'''ddddddd 
Ɖ ?ĐWz> ? ?Z 'd'dd''''ddd'dddd' 
Ɖ ?DƉWz> ? ?& 'ddd'd'''''''' 
Ɖ ?DƉWz> ? ?Z 'd'dddddddddd' 
Ɖ ?WƉWz> ? ?& 'ddd''''''d 
Ɖ ?WƉWz> ? ?Z 'd'ddd''ddd 
Ɖ ?WƉWz> ? ?& 'ddd'''''''' 
Ɖ ?WƉWz> ? ?Z 'd'd''d''d''ddd 
Ɖ ?WƉWz> ? ?& 'ddd'''d''''' 
Ɖ ?WƉWz> ? ?Z 'd'd''d'dd'dd'' 
Ɖ ?^ŵWz> ? ?& 'ddd''''dd'dd 
Ɖ ?^ŵWz> ? ?Z 'd'd''dd'''' 
Ɖ ?^ŵWz> ? ?& 'ddd'dddd''''' 
Ɖ ?^ŵWz> ? ?Z 'd'ddd''d''d''d 
Ɖ ?^ŵWz> ? ?& 'ddd''''''d'''d' 
Ɖ ?^ŵWz> ? ?Z 'd'd''d'''' 
Ɖ ?^ŵWz> ? ?& 'ddd'd''ddddd'''d 
Ɖ ?^ŵWz> ? ?Z 'd'd'dd'd'd'dd' 
Ɖ ?^ŵWz> ? ?& 'ddd'dd''' 
Ɖ ?^ŵWz> ? ?Z 'd'ddd''dd'd'd'd' 
WƌŽWz> ? ? ?& ?KǀĞƌůĂƉǁŝƚŚƉ',W ) 'd''dddd''dddd'''' 
WƌŽWz> ? ? ?Z 'dddddd''d 
sĞŶƵƐ ?& ?KǀĞƌůĂƉǁŝƚŚWƌŽWz> ? ? ) d'd'dddd'd'd''d''''''' 
sĞŶƵƐ ?Z ? ?KǀĞƌůĂƉǁŝƚŚdĞƌEK^ ) ''dd'd'd''dd'''ddd'd 
sĞŶƵƐ ?Z ? ?KǀĞƌůĂƉǁŝƚŚdĞƌWz> ? ? ) 'ddd'''ddd'd 
dĞƌWz> ? ? ?& ? ?KǀĞƌůĂƉǁŝƚŚsĞŶƵƐ ) d'd'd''d'''''d'd'dd''ddddddd' 
dĞƌWz> ? ? ?& ? ?KǀĞƌůĂƉǁŝƚŚ,W ) '''d'd'''dd''d'd'dd''ddddddd' 
dĞƌWz> ? ? ?Z ?KǀĞƌůĂƉǁŝƚŚƉ',W ) d'ddd'dddddd'''dddddd'd 
Wz> ? ? ?ƋZd ?& ''''dd' 
Wz> ? ? ?ƋZd ?Z ddd'd 
Wy ? ?ƋZd ?& 'ddddd''d 
Wy ? ?ƋZd ?Z ''''''d'ddddd 
Wz> ? ? ?& ?KǀĞƌůĂƉǁŝƚŚWƌŽWz> ? ? )d'd'dddd'd'd'''d'''' 
Wz> ? ? ?Z ?KǀĞƌůĂƉǁŝƚŚ,W ) d'''dd''''''dddddddd'dd 
ĐWz> ? ?& ? ?KǀĞƌůĂƉǁŝƚŚWƌŽWz> ? ? )d'd'dddd'd'd''d'd'''dddd 
WĂŐĞ ? ? ? 
 
ĐWz> ? ?& ? ?KǀĞƌůĂƉǁŝƚŚƉ ? ?^ ) ''''dd''dd''d'd'''dddd 
ĐWz> ? ?Z ?KǀĞƌůĂƉǁŝƚŚ,W ) '''dd'''dd''''ddd'dddd' 
DƉWz> ? ?& ?KǀĞƌůĂƉǁŝƚŚWƌŽWz> ? ? ) d'd'dddd'd'd'd'''''''' 
DƉWz> ? ?& ?KǀĞƌůĂƉǁŝƚŚƉ ? ?^ ) ''''dd''dd'd'''''''' 
DƉWz> ? ?Z ?KǀĞƌůĂƉǁŝƚŚ,W ) d'''dd''''''ddddddddd''dd' 
WzZ ? ?& ?KǀĞƌůĂƉǁŝƚŚWƌŽWz> ? ? ) d'd'dddd'd'd'dd'''dd' 
WzZ ? ?Z ?KǀĞƌůĂƉǁŝƚŚ,W ) d'''dd'''''''dd''dd 
Wz> ? ?& ?KǀĞƌůĂƉǁŝƚŚWƌŽWz> ? ? ) d'd'dddd'd'd''d'd'ddd 
Wz> ? ?Z ?KǀĞƌůĂƉǁŝƚŚ,W ) d'''dd''''''''ddd''d'ddd'' 
ZcPYL8 M55K  GATTTCAGAAATCCACATGTATGGAAGCCATTTATCACAAGCT 
ZcPYL8 Q77V GAGCCCATCGTCTGGTTCTTGTAAAGTCCGGTATTCCCGGA 
ZcPYL8 G83A  GTCCGGTATTCCCGCATCATGGAGGAGAG 
ZcPYL8 R86S TCCGGTATTCCCGGATCATGGAGCAGAGAGCGATTGGACCTCCTT 
ZcPYL8 Y102F ACCAAGAGAAAGTGATGGTGTTCACTGTTGTGGATGGCGATACTG 
ZcPYL8 I116S CTGGCACAAAGAATGGATCATCCACAGTATGTGTACGGGAGGCA 
ZcPYL8 G114Y GCGATACTGGCACAAAGAATTATTCAATTACAGTATGTGTACGGGA 
ZcPYL8 H135E GGCTAATCAGCCTTGTGCAGGAGTGTTACCTCTTACCTCCACCC 
ZcPYL8 A150T CTGGAAGCACCAAAGACGATACCCTCACATTCATTTCTTTCTCCTCTC 
ZcPYL8 S157V CCCTCACATTCATTTCTTTCGTCTCTCGCCTGGTCCTCCGA 
ZcPYL8 S158V TCACATTCATTTCTTTCTCCGTTCGCCTGGTCCTCCGACATC 
ZcPYL8 H164S CCTCTCGCCTGGTCCTCCGAAGCCTCGCCACATATGCGGAGAG 
ZcPYL8 TGT-HRL  GATGGTGTACACTGTTGTGGATGGCGATCATCGCTTAAAGAATGGATCAAT
TACAGTATGTGTAC 
 1 
  2 
WĂŐĞ ? ? ? 
 
SI Appendix, Table 2. List of sequences synthesized in this work. 1 
EĂŵĞ ^ĞƋƵĞŶĐĞ 
ĐWz> ? d''d'd'''ddddddddd''ddd''d'd'd'd'd'd'
''''''d''dd''dddd''''''dd'dd'd'd'd'ddd'''
ddd''d'ddd'dd'dd''d'dddd'd'd''d'd'
'''d'''''''d'dd''dddd'd''ddd''dd''
''''''dd''ddd'd''''d'd''d'dd'dd'd''d'
''dd'''d''ddd'dd'd'd''''''ddd'''
''dd'dd'd''d'ddddddd'''''
d'dddddddddddd'd''dd'dd'dd'''''
dd''dd'''d'''ddddd'ddddd 
Đ/ ? ?Ğů ? ?   ?) d''d'd''''''dd'd'ddd'dd'd'''d'd'
''dddd'dddd''d'dddd'''ddddddd'd''d'''d'
d''''d'd'd'dddd'ddddd'''d''ddd'd'''d''dd''dd
'd''d'''''d''d'd'd'd'dddddd''ddd'd''d
''d''d'd''d''ddd'd''''dd'dddd'd''
dd'dd'''dd'dd''d'd'ddd''
'ddd'''d''dd'''dddddddd'd''d'd''dd'd''dd
'ddd'''d''dddddd'd''d'dd'dd'd'd
'''dd''ddddd'dd'd'''dd'd''''dddddddd'd'''d'
'''d'dd''d'dddd'd'''''''ddddddddd'dd
'''''''d'd''''d''''''''''dddddd''
d''dd'''dddd'''dddd'd'd'''dd''''dddd
ddd'ddddd''d'''d'ddd'''''''''''d'dddd
dd'''d'd'''d'd'''d'ddddd'd'd'd'd'dd'd'd'd'
dddddd'''''d''''d'''d''dd'dddd'd
''''d''''d''''''''''ddd'd'''dd''d
d'dd'''''d'd'''dd'd'd'd'd''d'dd''
''ddd'dd'''d''d'dd''d 
DƉWz> ? ?KƉƚŝŵŝǌĞĚ ) d''d''''''dd'd''''''''''dd''dd'''d
''d'''dd'''dddd'd'd'''dddddd'''
d'd'''d''dd''dd''d'd'd''ddd''d'ddd
'dddd''dd'ddd'd'dd'''''''''dd'd''d''
d''dd'dddd''d''d'dd'''ddd'''d'dd'd''
d'd'dddd''dddd''''''d'dd''dddd''''dd
'dd'd'''d'ddd'''''d''dd'dddd'd'
d'''dd'''ddd''dd''dddd'dd'dddd'd'd'd
dd'dd'''d''''ddd'dd''d'
'dd''d''dd''dd''''d' 
DƉ/ ? ?Ğů ? ? ? ? ?ďƉ ) d'dd'''''d'd'd''dddd''d''dd'dddd'''
dd'ddd'ddd'd''''d'''d''''d''dd''d'ddd''ddddd
d'd'd''d'dd''dd'ddd''''ddd'''ddd'ddd
ddddd'''ddd'd''d''''dd'''d'd'dddd'd''d'dd
dd'dd''''d''d'dddd'dd'''d''d'''d'
dd'''dd'''dddd''''''d'd'd'ddd''d''d'
''''dd''''d'ddd'''dd'''d'd'd''d'''dd'
d'd'd'd'd'''d'''d'd'd'dd'd''d'd'dd''dd
ddd'ddd'd''dd''''dd'''d'dddd'd''d'''''
dd'ddd'd'd''''''d''d''d''''d'
'''''d'''ddddddd''''dd'd'dddd'''d'dd'dd'd''''
d''d'd'ddd'dd'd'd'''''''ddd''d''
d'''d'd'd'ddd'ddd''d'd'd''ddd'd'''d'ddddd''d
''ddd''d''''d'dd'dd''d'd'd'd'ddd'dd''d'd'
WĂŐĞ ? ? ? 
 
'ddd'''dd'''''''''dd'dd'd''''d'dddd
'd'd'''''d'd'dd'd'd'd'dd'dd'dd'''
'ddd'''d' 
WƉWz> ? d''''''d'd'ddd'd'd'''''''dd'd
d'''dd'd'd''d'''ddddd''d'd
'''d'd'''d'd'd''d''d''d''ddd''''dd'
'dddd'dd'd'dddd''''d''''''d'''d'd'd'''d'
'dd'd'dd'ddd''d''ddd''''d''dd'''d'''
dd'ddd'''dddd'''''''''dd'dd''dd'dd
'ddddd''dd'd''''d'''dd'ddd'''dddd'dd'd'
ddd'''d''''''dd'ddd'd'''dd'dd'dd'd
dd''ddd''''ddd'''ddddd''d''''
dd'''ddd'dd'''d''''d'd'd'''''''
'd'd''d'd' 
WƉWz> ? d'd''''''''''''ddd'ddd'dd''''''''dd
'dd'''dd'''dd'dd''d'''dddd'dd'''
d'''d'd'''d'd''dd'dd'd'''''ddd''''''d'd
'''dddd'''d'd'd'dd''''d'''d'd'''''d'''
''d'dd'dddd'dd'dd'd''''d''ddd'''d
''''ddd'dd'''ddd'''''''d''dd'dddd''dd'
d'ddddd''d''dd''''d'''dd'd'd'''dddd'd
d'd''ddd'd''d''''''dddd'd'''d'd''
d'ddd''dd'd'ddd'''ddd'd'd''
''''d' 
WƉWz> ? ?Ğů ? ? ? ? ? ) d'd'''d''''''''ddd'''d'd''''''''dd
dd'd'dddd''d'''d'd'''''dd'd''
dd''d''dd''d'd'd''''dd'd'''ddd''d''dd
'dddddddd''dd''''d''d'''d''''d'''''
ddd''dd'd'dd'dd''ddd''d''dddd''d'd''
dddd'ddd'''d'd'''''''''ddd''dddd'd'd
ddd'''d''dd'''dd'dd'dd'''d'ddd''d
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6,$SSHQGL[7DEOH 3. List of accession number of all genes analyzed in this work. 1 
Accession numberGene
GFYA01000355.1ZcPYL8
GFYA01001477.1ZcABI1
Mapoly0030s0080.1MpPYL1
GQ504039.1MpABI1
Pp3c26_15240V3.1PpPYL1
Pp3c13_7110V3.1PpPYL2
Pp3c7_26290V3.1PpPYL3
Pp3c11_18330V3.1PpABI1A 
XM_002982810SmPYL1 
XM_002968967SmPYL2 
XM_002974543SmPYL3 
XM_002992701SmPYL4 
XM_024686983SmPYL5 
XM_002980941SmABI1 
AT4G17870PYR1 
AT5G46790PYL1 
AT2G26040PYL2 
AT1G73000PYL3 
AT2G38310PYL4 
AT5G05440PYL5 
AT2G40330PYL6 
AT5G53160PYL8 
AT1G01360PYL9 
AT4G27920PYL10 
AT5G45860PYL11 
AT1G72770HAB1 
AT4G26080ABI1 
AT5G25760PEX4 
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